Optimized Quantification of Unculturable Candidatus Liberibacter Spp. in Host Plants Using Real-Time PCR.
Citrus huanglongbing (HLB) is caused by the phloem-limited and psyllid-vectored Candidatus Liberibacter spp. and is a destructive disease of citrus that is rapidly increasing in importance. The disease was reported recently in the principle citrus-producing areas of São Paulo, Brazil in 2004 and in Florida in 2005. A variety of laboratory methods have been developed to confirm a symptom-based disease diagnosis or for the detection or identification of the pathogen; however, no quantitative information has been available on the pathogen titer in either host or vector interactions because the pathogen remains unculturable in artificial media. We previously developed a quantitative polymerase chain reaction (PCR)-based assay for detection of Ca. Liberibacter spp. and, in this study, we evaluated the effects of sample composition on quantification of the pathogen in citrus plants by TaqMan real-time PCR. Standard curves were established using cloned plasmids containing target DNA from the pathogen and with total DNA samples from field-grown HLB-infected citrus plants. Regression analysis showed that a standard curve established with DNA extracted from naturally infected field-grown plants was more accurate than the standard curve constructed from plasmids containing the amplification targets as cloned inserts. Nontarget DNA and putative PCR inhibitors from citrus plants decreased the sensitivity and the amplification efficiency of real-time PCR when plasmids provided the template target in "spiked" healthy citrus DNA extracts. This effect varied among plant tissue types, citrus species, and geographic locations. Based on these sample effects, a universal standard curve has been established for quantification of the pathogen in various citrus tissues of different citrus species planted in different geographic locations. Sample storage at 4°C for 2 months prior to PCR assay did not affect subsequent quantification of the pathogen. The validated quantitative real-time PCR method and the universal standard curve will be very useful for studies of host-pathogen interactions and epidemiology, and in the development of control strategies for the disease.